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Abstract Two of the main activities of RILEM
Technical Committee 208-HFC Subcommittee 2 were
the preparation and publication of the state-of-the-art
report on durability of strain hardening cement-based
composites (SHCC), and the performance of com-
parative laboratory testing on SHCC. In this paper the
comparative mechanical tests are reported, as per-
formed in laboratories of five participating institutions.
The purpose was to investigate and compare the crack
patterns in terms of crack widths and spacing, and
subsequently to make recommendations for a suitable
test setup and procedure towards characterizing crack-
ing in this class of materials. Such standardized
procedures are required for future systematic and
objective research towards durability of these materi-
als in their in-service conditions, i.e. their resistance to
deterioration processes in the cracked state. Standard-
ized test procedures are also required for durability
testing and guidelines for structural designwith SHCC,
which is the focus of follow-up committee activity in
TC 240-FDS.
Keywords SHCC  Cracking  Durability 
Tensile test
1 Introduction
In order to establish reliable durability test procedures for
strain hardening cement-based composites (SHCC) in
the cracked state, a consistent method of mechanical
loading is imperative. The comparison of pre-cracking
procedures for subsequent or simultaneous durability
tests on SHCC specimens is the main objective of the
work reported in this paper. Cracks in cement-based
composites serve as access for ingress of materials
associated with deterioration processes. Whilst the
controlled crack width in SHCC is believed to be
beneficial, leading to pseudo-strain hardening, associated
ductility and toughness, the implications of multiple
cracks for deterioration processes must be understood,
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modelled and verified. This paper reports on a com-
parative test series on SHCC by five laboratories
participating in the RILEM Technical Committee
208-HFC, Subcommittee 2: Durability (TC208-SC2).
The test series was performed to compare the SHCC
tensile test results from laboratories with established
SHCC test facilities, in order to identify the test
procedure, specimen size and shape, crack observation
method and crack distribution characterization procedure
that produce the most consistent crack results.
TC208-SC2 recently published a state-of-the-art
report (STAR) on the durability of SHCC [9–11]. This
report serves as a summary of durability related test
results on SHCC in its relatively short existence since
the 1990s, but also indicates research needs. In parallel
to the STAR, the TC208-SC2 also embarked on
comparative testing of SHCC, in order to establish a
suitable test setup and procedure towards characterizing
cracking in this class of materials. Such standardized
procedures are required for future systematic and
objective research towards durability of these materi-
als in their in-service conditions, i.e. their resistance to
deterioration processes in the cracked state. Standard-
ized test procedures are also required for durability
testing and guidelines for structural design with
SHCC, which is the focus of follow-up committee
activity in TC 240-FDS.
Several researchers have reported multiple crack
formation under direct tensile load and crack width
and/or spacingmeasurements in SHCC (e.g. [1, 8, 11]),
in textile reinforced concrete (e.g. [6]) and ultra-high
strength fibre reinforced composites [16]. The impor-
tance of cracks for ingress of water and deleterious
substances has been illustrated by various of these
authors and by [17]. Different specimen shapes and
sizes as well as boundary conditions have been used by
the respective authors. This paper compares results on
crack width measurements performed by five labora-
tories in a comparative test series, in order to identify
the most suitable specimen size and test setup, towards
standardisation of crack formation and durability test
procedures. Assessment criteria for the test procedures
were their practicability, an appropriate repeatability
of the results, the reusability of the cracked specimens
for durability tests and, most importantly, the gen-
eration of crack patterns that resemble those being
formed in field applications of SHCC.
The following laboratories participated in the
comparative test series on SHCC:
(L1) Leipzig University of Applied Sciences, Ger-
many, Prof V Slowik, C Wagner and N
Bretschneider
(L2) Qingdao Technological University, Prof FH
Wittmann and Penggang Wang
(L3) Rio de Janeiro, Brazil, Researcher Prof RD
Toledo Filho, assisted by MS Magalha˜es
(L4) Stellenbosch University, Department of Civil
Engineering, South Africa, Researcher Prof
GPAG van Zijl, assisted by H Smit and C
Adendorff
(L5) Tohoku University, Japan, Researcher Prof H
Mihashi, assisted by T Kikuta
2 Comparative series
The agreed procedure was to use a base SHCC mix
with 2 % by volume polyvinyl alcohol (PVA) short
fibre, prepare the specimens as per each laboratory’s
specification and experience, perform uniaxial tension
tests on the specimens in setups developed by the
respective laboratories, and use best practice to
measure the crack widths at various average tensile
strain levels. Suggested strain levels were 0.2, 0.5,
1 %, and subsequent 0.5 % intervals up to ultimate
tensile strain.
The test results were to be reported in a standard-
ized format, stating the participating laboratory,
mixture proportions, specimen geometry, test setup
description, stress–strain graphs, crack width mea-
surement equipment, software and procedure, average
crack width, maximum crack width and average crack
spacing per tensile strain level, and finally crack width
histograms per strain level. Note that only surface
crack measurements were reported.
Finally, two types of SHCC were tested. Whilst all
five laboratories tested fine-grained SHCC, containing
sand aggregate with maximum particle size less than
0.3 mm, Laboratories 1, 3 and 5 also prepared and
tested coarse sand SHCC. The purpose was to develop
SHCC from naturally available sand, whilst still
achieving crack control and strain hardening up to at
least 1 % in tensile strain.
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3 Mix ingredients and procedures
Standard mix proportions were agreed upon based on
past experiences of the respective participants and
locally available materials, allowing minor adjustments
to ensure thatmultiple cracking could be achieved.Note
that no ingredient materials were distributed amongst
the laboratories, but each made use of that which is
available in their respective laboratories and industries.
PVA fibres, type REC15 with length (Lf) 12 mm and
diameter (df) 0.04 mm were obtained from Kuraray,
Japan.LaboratoryL1 (Leipzig) used the samefibre type,
but with fibre length 8 mm.
The mixes are summarised in Table 1 for both fine
sand and coarse sand SHCC.Most laboratories kept the
initially indicated mix proportions, with the exception
of a lower amount of water by Laboratory 1. Cement
type also varied, as indicated. The conditions for curing,
fresh properties and selected hardened properties are
summarised in Table 2. Clearly different procedures
were followed, and the test ages range from 14 to
28 days. Details of the respective curing conditions and
characterising test methods are described in detail in [7]
for L3, [2] for L4 and in [3] for L5.
4 Tensile test setup and procedures
In Table 3, the uniaxial tensile test specimen geome-
tries and the test conditions are summarised. Figure 1
shows the specimen geometries and setups in greater
detail. It is clear that a significant range of specimen
gauge area cross-section size (30 mm 9 13 mm up to
60 mm 9 30 mm) was used, and lengths ranging
from 80 mm to 120 mm. For more detail on the test
setup, the reader is referred to [14, 13] for L1, [15] for
L2, [7] for L3, [2] for L4 and [3] for L5.
Non-rotational boundaries are believed to introduce
to a large extent uniform strain distributions in cross-
sections of a specimen in a tensile test. The influence
of such non-rotational and rotational boundaries on the
results of tensile tests specifically on SHCC was
studied by [4, 5], who point out that rotational
boundaries allow increased deformation and crack
formation on the side of the specimen where the first
crack appears, which may lead to lower first crack
strength, ultimate strength and ultimate strain deduct-
ed from tests with rotational boundaries. To study the
influence of end conditions on SHCC, alternate
boundary conditions were applied by the participating
laboratories according to their existing tensile test
facilities at the time.
5 Crack measurement
In Fig. 2, the crack observation equipment is shown
for each group, in addition to typical cracked speci-
mens. Multiple cracks could be observed in the
specimens by all laboratories. They were not all
parallel, however, nor always fully developed over the
specimen width.
Table 1 SHCC mixture proportions
Participant
laboratory
Cement Fly ash Water Sand PVA fibre
Amount
(kg/m3)







L1. Leipzig 550 CEM I 42.5 650 373 550 0.25 26 8
L2. Qingdao 550 CEM I 42.5 650 395 550 0.30 26 12
L3. Rio de Janeiro 550 CEM II F-32 650 395 550 0.20 26 12
L4. Stellenbosch 550 CEM I 42.5 650 395 550 0.30 26 12
L5. Tohoku 550 CEM I 52.5 650 395 550 0.20 26 12
Coarse sand (CS)
L1. Leipzig 560 CEM I 42.5 690 417.6 460 1.00 26 8
L3. Rio de Janeiro 560 CEM II F-32 690 440 460 1.18 26 12
L5. Tohoku 560 CEM I 52.5 690 440 460 1.20 26 12
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Different crack measurement methods were em-
ployed by the various laboratories. In L1, L3 and L5
digital image processing (DIP) was conducted by
using high resolution cameras and standard commer-
cial digital image processing software. In Leipzig
(L1), the first series crack measurement (series FS1
and CS1) was done with low resolution, in the order of
50 lm. In series FS2 of this laboratory, an improved
resolution of 10 lm has been achieved. In Qingdao
(L2) 2D photos were taken with a resolution of
approximately 10 lm. In Stellenbosch (L4), 3D
Aramis digital image correlation (DIC) was used with
a 10 lm resolution. Hence, in Laboratories L1 (series
FS2), L2, L3, L4 and L5 approximately the same
resolution of about 10 lm was achieved. The various
equipment and setups are illustrated in Fig. 2.
Contactless measurement of crack widths and
patterns on SHCC specimens by photogrammetric
analysis has been described in recent literature. High
resolution digital images of cracked specimens are
used in combination with software to measure crack
widths in DIP [12]. In DIC, three-dimensional particle
tracking and inter-particle deformation calculations
are performed by analysis of sequential digital images.
Through calibration, inter-particle deformations ex-
ceeding expected elastic deformation are defined as
cracks, the widths of which are approximated as total
minus elastic deformation [1].
Crack widths were determined at various positions
along the specimen length, along a central vertical line
by L5 and in the first series (FS1 and CS1) of L1, along
three parallel vertical lines by L3 and L4, along four
Table 2 Specimen preparation
Participant laboratory Curing Test age
(days)





Fine sand series FS1 and
coarse sand series CS1
2 days in plastic mould under
wet burlap, stripped;
23 days in water at 23 C;
3 days in wet burlap and
plastic foil at 20 C
28 – – – –







5 days in water at 23 C;
7 days at 20 C and 95 % RH
L2. Qingdao 1 day in steel mould under
wet burlap, stripped;
20 days at 20 C and
RH C 95 %
21 – – – –
L3. Rio de Janeiro
Fine sand 1 day in steel mould under
damp cloth, stripped;
28 300 5.9 32.2 20.1
Coarse sand 27 days in chamber at 22 C
and RH & 100 %
28 300 6.9 25.3 15.1
L4. Stellenbosch 1 day in steel mould covered
with steel plate;
13 days in water at 23 C
14 – – – –
L5. Tohoku
Fine sand 2 days in steel mould at
RH C 95 %, stripped;
28 220 (JIS R 5201) 10.5 (C13-S mortar
air meter)
28.0 19.0
Coarse sand 26 days in water at 20 C 28 – – – –
Compressive strength fcu and modulus of elasticity E were tested on cylinders of diameter 50 mm and height 100 mm
– Denotes that no measurements were taken
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parallel vertical lines by L2, and along five parallel
vertical lines in the second series (FS2) by L1. Each
crack that crossed either of the lines was captured and
its width noted. From these cracks, the spacing,
average and maximum width were determined, and
the frequency distribution derived as will be presented
in subsequent sections.
6 Tensile test results
In Fig. 3, typical stress–strain results of the tensile
tests are shown. The results presented for Laboratory
L1 are those from series FS1 and CS1, respectively.
Note that crack widths were measured in the loaded
state by all participating laboratories. Only laboratory
L4 measured crack widths in the loaded state (series
denoted by FS1 and FS2 in Fig. 3) as well as in the
unloaded state (FS3 and FS4). So, the FS3 data set
given in Table 4 for L4 represents the crack widths at
zero stress and tensile strains 1 and 2 %, and the FS4
data set is for the unloaded state at tensile strain levels
0.2, 0.5 and 1 %. There is no significant difference in
average crack widths in the loaded and unloaded state
at the same tensile strain levels.
Figure 4 shows the average crack width evolution
with average tensile strain as determined on the
various specimens and gauge lengths in the participating
laboratories. The results are summarized in Table 4,
where also the coefficients of variation (CoV) are
included. The different crack measurement resolution
(50 lm) used in Laboratory L1 for series FS1 and CS1
appears to have led to significantly larger crack width
observation data, as shown in Fig. 4a for Leipzig
FS1. Clearly, Leipzig FS2, obtained with finer
resolution (10 lm) is in closer agreement with the
other laboratories.
A further observation is that the CoV of the crack
width is significantly smaller for the larger specimen
sizes of L1 and L3, at 0.24–0.59 versus up to 0.90 for
the smaller fine sand specimen size of L4. Small size
specimens of L5 containing fine sand are the excep-
tion. For coarse sand SHCC, the CoV for the larger
specimens of L1 and L3 are also relatively low at
0.27–0.47 when compared with up to 1.45 for the thin
specimens of L5. The results from L2 generally show
larger CoVs, up to 0.85 for the comparatively large
specimens with fine sand. While various factors could
contribute to the large CoV, including fibre dispersion
and test procedure, smaller sections may not be
representative elementary volumes in terms of flaw
distribution, leading to the larger scatter. Larger
sections may be preferable, and also more suitable
for specimen extraction for subsequent durability









Test fixture of ends





Fine 4 3 100 40 40 0.012–0.18 Glued Fixed Fixed
Coarse 4
L2. Qingdao 5 120 60 30 0.3b Clamped Free Free
L3. Rio
Fine 5 80 30 30 0.1 Wedged Fixed Fixed
Coarse 5
L4. Stellenbosch 4 3 3 4 80 30 16 4.8 Clamped Semi-fixed Free
L5. Tohoku
Fine 6 80 30 13 0.4 Clamped Fixed Free
Coarse 6
a The specimen gauge area length (L), breadth (B) and thickness (T) as illustrated in Fig. 1
b Approximate test rate, applied manually
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testing. For particularly thin sections or thin layer
applications, thin specimens may be required but care
should be taken to ensure that specimens are well
processed and representative, also in terms of fibre
orientation.
Note that all laboratories measured the cracks on
the formed surface, i.e. the surface that faced the
mould during casting. L2, Qingdao, measured the
crack widths also on the finished surface, i.e. on the
upper surface during casting. It appears that both
average and maximum crack widths are different on
these two surfaces. These differences require further
investigation.
Average crack spacing is shown in Fig. 5 and
summarized in Table 5. It appears that the average
crack spacing reduces from roughly 7–40 mm at
0.5 % strain, to a stable spacing of 2–7 mm at and
beyond 3 % strain. Crack saturation occurs at roughly
3 % strain. This holds for both fine sand and coarse
sand SHCC, although a lower ductility is apparent for
coarse sand SHCC. The coarse sand specimens from



















L1. Leipzig L2. Qingdao





Fig. 1 Uniaxial tensile test specimens and setups in the participating laboratories
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L1: Leipzig (See Wagner et al. 2012) lines & zones 
 Series 1   Series 2 
L2: Qingdao 
L3: Rio de Janeiro 
L4: Stellenbosch 
L5: Tohoku 
A Digital Nikon camera, 
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megapixels and AF-S DX 
Nikkor lens 
Image processing was 
carried out by the digital 
processing toolbox of Image 








(in test frame) 






PC running  
GOM ARAMIS 
















A digital Canon camera, with 
20.2 effective megapixels and 
EF Canon lens 
Open CV (Version 1.0) for 
Digital Image Correlation 
technique
Software Metigo and 
Adobe Photoshop 




Digital camera (12.2MP, 
EOS 450D with macro 





12MP, Sony W200 
Software: Image J 
Fig. 2 Crack observation and measurement methods
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Fig. 3 Uniaxial tensile stress–strain results
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Table 4 Crack width data summary from all participating laboratories
Crack width (lm) Strain level (%)




Avg – 130 150 – 170 – 200 – –
CoV – 0.31 0.40 – 0.53 – 0.55 – –
Max – 170 240 – 370 – 530 – –
FS2
Avg – 47 53 60 65 74 77 80 93
CoV – 0.51 0.58 0.58 0.54 0.57 0.56 0.56 0.59
Max – 115 199 225 233 236 264 271 442
L2
Formed surface
Avg – 69.9 – – 62.7 – 74.3 82.5 87.8
CoV – 0.55 – – 0.76 – 0.92 0.85 1.38
Max – 134.6 – – 184.7 – 454.0 458.9 945.8
Finished surface
Avg – 37.2 – – 32.2 – 41.0 38.7 38.1
CoV – 0.35 – – 0.60 – 0.63 0.67 0.82
Max – 58.1 – – 121.5 – 135.9 144.0 184.0
L3
Avg – 54 66 67 65 65 69 – –
CoV – 0.24 0.24 0.28 0.26 0.25 0.28 – –
Max – 72 85 90 103 106 117 – –
L4
FS1 loaded
Avg 33.9 46.0 50.3 – 54.6 – 57.6 – –
CoV 0.63 0.71 0.68 – 0.67 – 0.90 – –
Max 94 135 153 195 253
FS2 loaded
Avg – 42.1 41.6 – 50.0 – 61.0 – –
CoV – 0.64 0.73 – 0.79 – 0.68 – –
Max 105 158 238 245
FS3 unloaded
Avg – – 42.3 – 48.4 – – – –
CoV – – 0.71 – 0.70 – – – –
Max – – 155 – 195 – – – –
FS4 unloaded
Avg 25.8 34.2 38.7 – – – – – –
CoV 0.50 0.83 0.72 – – – – – –
Max 55 118.3 138 – – – – – –
L5
Avg – 90 93 – 116 – 80 – –
CoV – 0.11 0.55 – 0.50 – 0.25 – –
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Table 4 continued
Crack width (lm) Strain level (%)
0.2 0.5 1 1.5 2 2.5 3 3.5 4




Avg – 90 100 – 120 – 150 – –
CoV – 0.33 0.40 – 0.42 – 0.47 – –
Max – 140 180 – 220 – 280 – –
L3
Avg – 55.7 65 66 69 – – – –
CoV – 0.27 0.28 0.29 0.42 – – – –
Max – 76 96 99 144 – – – –
L5
Avg – 0 58 – 225 – 313 – –
CoV – – 0.22 – 1.22 – 1.45 – –
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Fig. 4 Average crack widths for a FS and b CS specimens and maximum crack widths for c FS and d CS specimens
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spacing of 20 mm, because coarse aggregates (1.2 mm)
worked as material defects in the comparatively thin
specimens to cause localization at low strains.
7 Towards standardised testing and reporting
The objective of defining an appropriate procedure to
pre-crack SHCC for subsequent durability testing is
addressed here based on the comparative test results.
As noted in the previous section, large variability in
crack width was reported for uniaxial tensile test
specimens of small gauge cross sections. Based on the
results, a cross section of least dimension of 30–40 mm
is recommended. This thickness recommendation is
also in agreement with a typical depth of a SHCC class
of applications such as overlay repairs, whereby the
actual conditions are simulated appropriately.
Subsequent or simultaneous durability test proce-
dures may also dictate the specimen dimensions.
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Fig. 5 Average crack spacing for a fine sand and b coarse sand specimens
Table 5 Crack spacing
data summary from all
participating laboratories
Fine sand SHCC Strain level (%)
Avg crack spacing (mm) 0.2 0.5 1 1.5 2 2.5 3 3.5 4
L1
FS1 – 22.2 11.8 – 7.4 – 6.1 – –
FS2 – 12.8 6.6 4.6 3.7 3.3 2.9 2.8 2.8
L2
Formed surface – 29.5 – – 8.1 – 7.1 5.5 5.2
Finished surface – 37.9 – – 5.3 – 4.7 3.1 3.1
L3 – 23.3 15 10 7 6.4 5.4 – –
L4
FS1 7.6 7.6 4.3 – 2.4 – 1.8 – –
FS2 – 11.1 5.2 – 3 – 2.2 – –
FS3 – – 4.1 – 2.9 – – – –
FS4 16 6.5 4.1 – – – – – –
L5 – 40 13 – 8 – 3.5 – –
Coarse sand SHCC
L1
CS1 – 18.9 11 – 8 – 6.3 – –
L3 – 21.0 14 9.6 7 – – – –
L5 – – 20 – 20 – 20 – –
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Fig. 6 Typical crack width
distributions at different
strain levels
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generally in the range of 50–100 mm, while capillary
absorption specimens typically have a height of at
least 60 mm (e.g. [17]). To allow such testing, a larger
cross-section dimension in the range of 60–100 is
recommended.
The gauge length ranging from 80 to 120 mm in
these comparative tests appeared to have allowed
multiple crack formation. In only one set of results, i.e.
from L3, a larger cross section (30 mm 9 30 mm)
was accompanied by the minimum gauge length of
80 mm. Nevertheless low variability in crack data was
found, although cracks predominantly formed in the
central part, as seen in Fig. 2 for L3. In the L1
specimens (see Fig. 2), the 120 mm gauge length
allowed a longer central portion to form saturated
multiple cracking (zones II and III in Fig. 2). Thus,
durability test samples taken from a larger length may
be more representative for the durability of actual field
SHCC where uniformly spaced cracks may form. A
specimen with a longer central part of uniform section
may also allow taking two samples from each
dumbbell specimen. Thus, a gauge length of
120 mm is recommended.
From the reported results, it is not possible to
distinguish the specimen size and test boundary
conditions as sources of variability in crack data.
Nevertheless, the data presented for larger specimens
had rotationally fixed boundaries at each end, while
rotationally semi-free ends were used with the smaller
specimens. Carefully applied fixed–fixed boundaries
should be preferred in order to activate most of the
material’s strain capacity, see Sect. 4. However, if it is
impossible to accommodate geometrical imperfec-
tions in specimens and adapters, a set of rotationally
fixed-free boundaries is recommended, i.e. fixed at one
end, and free at the other end.
For crack width characterization, either DIP or DIC is
recommended, but a resolution of at most 10 lmmust be
used to avoid significant errors. A useful presentation of
crack width data is shown in Fig. 6, in the form of crack
widthhistograms.This representation is believed to allow
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resistance. In addition, average crack widths per set,
standard deviation, maximum crack widths as well as
average crack spacing must be reported, although all
these values might be derived from the histogram data
with reasonable accuracy. The durability of cracked
SHCC as dependent on the crack pattern is a major
subject of investigation forRILEMTechnicalCommittee
240-FDS.
An alternative way of presenting crack width
distributions is the so-called crack width polygon
[12]. The format of such curves resembles the one of
grain size distribution curves and allows to present the
crack width distribution independent on crack density
or spacing. It is also possible to characterize the crack
width distribution by a single numerical value based
on the crack width polygon.
It has to be considered that only the average value
of the crack spacing can be derived from the observed
number of cracks since SHCC crack patterns do not
necessarily comprise equally spaced cracks. Determi-
nation and evaluation of crack spacing distributions
will be subject of further investigations since the crack
spacing is expected to have a significant influence on
the capillary absorption of cracked SHCC.
8 Conclusions
The results of a comparative tensile test series
performed by five laboratories have been reported
here, with the purpose of identifying a consistent
method of pre-cracking SHCC specimens for dura-
bility testing. The results indicate various simila-
rities in the data, despite varying local ingredient
materials, test procedures, specimen sizes and crack
characterisation methods. Keeping in mind that the
laboratories were reasonably experienced in per-
forming the tensile tests on SHCC, the results have
been interpreted in terms of physical parameters
such as specimen geometrical size, test boundary
conditions and observation resolution rather than
human execution uncertainties. It is acknowledged
that this is an assumption.
The following conclusions are drawn:
• Although the average crack width is stabilized in
the range of 40–80 lm for a large range in tensile
deformation, the maximum crack width may
exceed 100 lm at a strain of 0.5 %, and reach
beyond 200 and 250 lm at strains of 2 and 3 %,
respectively.
• Average crack spacing evolves with tensile defor-
mation from 7–40 mm at 0.5 % average tensile
strain to 2–7 mm at about 3 % strain. Crack
spacing appears to stabilize at roughly 3 % aver-
age tensile strain for the SHCC tested here.
• SHCC can be prepared from natural sand contain-
ing particles of size up to 1–1.2 mm, although a
lower ductility and lower ultimate tensile strength
than for specimens containing only fine sand with
maximum particle size 0.2–0.3 mm have been
found here.
The following recommendations are made:
• The SHCC tensile specimen size of thickness
30–40 mm, width 60–100 mm and length of the
prismatic section of 120 mm is recommended for
pre-cracking or simultaneous durability testing.
This recommendation is based on larger scatter of
results observed in smaller sections.
• The tensile test setup should comprise of two
rotationally fixed ends or, alternatively, of one
rotationally fixed end, and one free end.
• Digitally obtained crack width measurements should
be obtained with a resolution of at most 10 lm.
• A crack width distribution histogram is recom-
mended as useful data to link crack distribution
and deterioration processes towards durability
modelling.
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